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Abstract 



PURPOSETo provide a plasma processing 
device with a particle monitor which can observe 
the status of in-plasma particles to suppress the 
generation of in-plasma particles, or, once 
generated, to discharge as many particles as 
possible to outside the chamber, or to control at 
least one of the exhaust means, process gas 
introducing means and highfrequency voltage 
impressing means so that both can be 
accomplished. 

CONSTITUTIONS substrate 90 to be processed 
is installed in either a high-frequency electrode 2 
or an electrode 3 of earth potential at an opposite 
position which are installed in a plasma 
processing chamber 1. While a preset processing 
degree of vacuum is maintained in a chamber 1 
by an exhaust pump 52, a process gas is 
introduced in between electrodes 2 and 3 and a 
high-frequency voltage is impressed to the high- 
frequency electrode 2 to convert the gas into 
plasma. This plasma processing apparatus 
provides plasma processing to the substrate 90 
by exposing the substrate 90 to plasma and is 
equipped with a CCD camera 6 to observe a 
plasma generating region in the plasma 
processing chamber 1. 
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(57) »»] 

[gift] ^7Xvt^-f>f ^WfefcjMW-r* «fc 

im^acO'5-&^<a: i b-^$®lffli'r ^fes&Jc, y^x 
[««] ^x^as^ i rtfcB»Lfc*jmfc«« 2 
i^oiww 2. 3m\z^u±^iS7, 

m^mm-r & ccd%*?6 zm^tz z t *&nt? 
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(2) 

1 

t ^ n \z m fi-r £ ^ 3 ■& — * 

^T?tt*ffKBMt-r«^^xvjaa*ii6-r^^X'Ti!i 

««fc«Wr**^9BBft«Afc2lt*4»flli:-r*^ 

— 5^ trr/^X^a&SB. 
[■rata 3 ] wie* * ^SBtc<fc o « t>ftitm&*m 

E^n-feX*x*A*aRtfMEWHiS«ffiHJllP*RC) 30 

^ ^;«-*f*€r:^x^«3ffi*B. 

^TMHStm mfE^DirX^X^A^a, ME& 

«a«ffiH3an^aR^WE/^ - a mx^mo o*>o 

[0 0 0 1] 

Wfc^DirX^A9IA^a^T7 p Dir^^7 k Sr^Ar^ 

ttt>fcWEa5«««ai-*H»«ffia3iio*afcTK« ^ 

*«EE&fflinUTtt;9A£:/^X^fcU ^^^Xvtc 

mrES^ s bit c t tss# fcawt-r*:/^ XYil 
$ffitX7XTffll8Si:it^. 

[0 0 0 2] 

[0 0 0 3] ritlRS!fiibT0^5Xvffla«BOfie* 50 



#W6- 1 2 4 9 0 2 

2 

«£B2£#JSbTK!H"r*. lOriclRKBtt, ^5X 

v«ia*irticSH««a2a:, £nic#iRrr*»«a 

n&««3 tSH»fc¥ff^«l!^Xvc VDSBT 
&5 a m®2 C»Vy?>^*y?X2 1 Sr^UTSSJS 

(rfm) 2 2*«»«$nrv^. *®3©» 

[0 0 0 4] KH»*B2IC«7 r D-feA^AO*A«4 

hD-74 2 1, 4 2 2 • • • XtfB«BBBB#4 3 1, 
4 3 2 • • • ^Lt7'P'fe^^l4 4 1, 44 2 • 

XlMffi^^lCSUW^n, #A«4 1IC»J»3 
ha. *fc, X9Xr«l« lfcB18BB*5 l«* 

[0 0 0 5] £©«*J6Bfc*&«*«5/U 3 > (S 

(s iNx) R^dS-rsfcli^iitcfr^. ffcfr 

S#*M3KS i*>xA9£8lDf*W-*. 

^x-7iaaairt**5 i&w^ #>:X5 

2 *aKUTBffic!>flEBi*fflaJc»»uooKrtwa 1 

fcWflSftBffiSBttnT*. 

[0006] ^ot^axfiTWrx^U^^Bo 

*R"Ctt, «A«#AiR4 4USi agfltfb'&tt 
>SiH* , ^>7>Si 2 He #) C0#XiS£<tLT#i 
*AiK4 4 2 *7K**A«tbTffl^S. S I Nx 
MOJERIB-Ctt, «Atf*A»4 41$Si fcMHfr&ft© 
»X»tLT«^ ^XlH4 4 2$7> ; e-7 (N 
H 3 ) ^XiS^lTlt^mo fbT^4 3 1> 4 

3 2*&H£* TX7D-a>hP-742 h 422 

^jcT&^7.©«tM^m^o'b©tc^ji3ib^^^A"r 

[0 0 0 7] Sl*xA9SMl:*i;, t-* 

3 1 JCTHfffiBflE It id>< IT, *9Ab*:;tfA 
*X7X^ftlTiW)fb, Eto^XvtOxAOfci* 
IWoaitT^^ r^'>»J 3 >B^S i Nxl$ 
»fl&"T*. x^>^£fi£UT©:75X^jflaSB<B 
«*#ltUTtt, KrES2^fi£*^^XvCVD^BtC 

ttmzfoc, 7^7rx->U3>*sioi 
©xy^^yfctJViTttra^^fcitt* (CF 4 ) <h&3§ 

#X (O2 ) , S i Nx^>^t> (W) (OJLy^- 
>{f\Z-DKT\*f\yy1k<i*t? (SFe ) ^»£7yfta 
3i (NFj ) ^^^§y7X^-FOH7^Xyf 

>£fj£B**«sftTv>*. 

[0 0 0 8] *fc, Kly?>yi#MBWl2± 

(RIE^-Hly^W «Bt>JE<»6*aTV^. 
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[0 0 0 9] 

[0 0 10] "Tftto** H2 0«*J*KlKlfite*^T» 
2 £ ^ x A 9 t © Wfc tf bf— A &fl8« UOOg 

v—if bf- aiw^7Xtm«$ ccd*^ ?x®mt 

[0 0 11] 

RFtii 13. 56MHz, 5 0 0W 

yniiX^X S 1 H< : 2 8 s c cm, NHa : 

2 0 0 s c cm 

gfttfXjE 1. OTorr 

mm. 

AttU— !f 0. 5W 

«d« SiNx <?0 

X WA^BfcT^nirX* X£*A-r 5 £ 1 *> 

TBE*^*^5XvftU «E^^XTK:lttE**ft«-r 

r tT^S*lC§Wa:-r^^^XvJ!i31^:J£-r^^Xv 

v>»S±3fcattE»*f*. :/DirX#x3SA#a;&tf 

«>fc, ^^Xv*(0^-^^^J^ttlB*«illlT?*S^ 

tSJBl©*Btt5. 
[0 0 12] ME^XvtO^-f 

^x^jBas«ii*««"r*2:t£»2<owBt'r*. * 



tSB#»*a. ^n-b^jtfXUIA^afttfKHttWaHi 

^XvfflSSraJMW-* £ ££fg 3 ©WBi-rs. 
[0 0 13] *55?Htt, — J.38£bfc/V--r-f # 

"CSSJzi^-^X&aAf-SJlt^T*, ME^ 

x^x^xm *H»«BEBJjn*aatfl»/^"-^*x 
:/*XT«ras»*a«-r* - 1 *jb 4 

[0 0 14] 

[l«**SM-*&*©#ai *»W»4WE» l CDWB 

**5*^7SitLm cc 

[0 0 1 5] *ii©ii2I2(DliH Wffi^Xv 

u--tfif-ABfiit*a&«fAS2:tfcj;D»ft*n*. 
nfc«*^a^viT«rE»»*a, iftEt/n-fextfxss 

A^a2fc«WEW«««BEH«ni^a<0'5-65>*< tt>— 

^;^z^#t^7XTMS^l:j; 
DSftSW. MEaS4cDEftH», CcOX^Xv 

iliilC^^t, «rB:/5Xv£j*««^->?;tfX 
SfllATSfcJ&^^-^X^A^a**!^ ttESOfl 

wE^-^fflaaafcTftsn&wwtca^viTM 

E#«^a* ^E^airX^A^A^a, ffiEAMifttt 

£EOTP#a^Z/t9EA-v ? ^X^A^a^>^^^^< £ 

tlx v> £ fc<o tc «k K> M&Z ti%> . 
[0 0 16] /X-y*fX»A#afcJ:0WASn**X 

t?» 7yx^&m\zm&m**xtz^%<D&^xt>t\ 

[0 0 17] 

[flUBl #je9B«>li<>ES§ l coil@£*ft-f £:/5Xv$a 

xvic^^^a— r-f^^©K*©«s, -e^fi, mm 
*tf*/7«ni:«fcD«Han5. for, ^<ds^<s 
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(4) 

5 

[0 0 18] *»g8«)WE»2©BUB***-r*^ r 5X 
^jBSKBKJ:**:* I/— tf If— AflSW^a^&^^X 

# A^R JCct^yo-fex^X ©» AR ira«««ESHffl 

^aawKWinsn*. cosmic**.* 
^R#BiTOfc»iw*n*. 

[0 0 1 9] *aSW©t»8B»4©iHIS*ft'r«>^X 
^©*ft*Rfc:<fc*SMU ^P-kx^x^A^^J;^ 

[0 0 2 0] 

C©^X^«M*Bra* 5pff¥«38©^7X^ 
CVDSfitbTjSRfc, XttXy^^^JSfibTH 

^X^fflSSl Kjqft«a2a:tt 

*«a3*a^LT^*. 

[0 0 2 1] ^$SI21J77?>W^^X2 3$ 40 

*, »*«a3©ir«fctt««±K:ffl**n*aE«3i» 

#9 ooaasMWf ^ 3 i*«R^sn 

ia»t6nav* xttR»&nr^Tt>a(Bsntt 

[0 0 2 2] i!5^^ma2 tC^DirX^X0)^A«4 

hD-74 si, 4 5 2 - • mmm®#4 31,4 50 



4#fMI¥6- 1 2 4 9 0 2 

6 

3 2—- yD-feX#X2§U 4 1, 44 2 - ■ • 

[0023] ^7X7iBis 1 \zmmmmw& 

L#>U #RWfc«*£©:/7X^ffiS«B-e 
\t. Se>tc> CCD^j^76, ifbf— ABHWSIB 
7, ;vs;3tfx»A«8, ^-*i!iS8S9, ©JW8R10 
Rtff-fX^H8«9 l#flfcbt>TW5. 

[0 0 2 4] CCD#*^6teX^XvfflJS^lC9^# 
11 2©K**«fc!iraSnT*5tK Miffi2, 3«® 

y5Xv*j««*icrtj»6nr^*. w-iftf-A^it 

SB 7 14, ^Xvffl^ 1 ©J|««irRtf>t V- If H 
-ABHStOl 1^6^9X^*flS««fcBl^v^. ^ 

-^x*a«8 tt^^xvaaia 1 fc«r**«R»f 

8 lRtf*ttHBH#8 2S^tT^-5?«X»8 3 
i^bTfc£t>©T, y^XTffiitl^-^^Xi 
APafck tt* 1 ©^#B 1 2 ©*+*«£> CCDj? 

SgAP atiftftP b tl«»raUTV^. 
[0 0 2 5] x—*ffl3ffi«9 1***^6 fcT»&ft*H 

^;kB) ©%>©T?. T^X^H£g9 1 

**>©t&*o ^-^fflaagttMiawwuBi oic«« 
[0026] ^—^jaaasiei^wsiiiiMaaoa** 

*U 7 r n-feA^A#A^^*5tt^m^^4 3 1, 4 

3 2 • • • ODBBBH (f&H&Ml O50^ft^©*M(^r— 7 

4 5 2 • ■ • ©SttMflU *»«fc:45tt*««PI!fiB#5 
1C0P8K (cn<OW»^r-^t>H*ft*K) * 

B7C0^>, *7(WBI, /V-y#*»A«8fc****# 
8 2 OWES (tt«lir-^;V»4H^#K) , U3E«*WUi 

^8 1 <D»&mn m*?n*>Mm& 1 o^e^jg^ics 
■^Tfffrn* J: 5 tea«a nt^ 

[0 0 2 7] »fp/^*Jl/ 101H ^-^M^fiS 9 i:t 
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7 

4 3 2 • • • <Dmm. #««5<D««#5 1 CDgBS&lX# 

[0 0 2 8] a^*;n 0 1», $etc, XJQttWE 
EPJaggcDSJi 2 2^ecoRF/^7— mid. :/a-fe*:tfx 

^Ag?C0T^7D— 3>hD — ^4 5 1, 4 5 2 • • • 
2 23^50RFW-8£» 7X7P-3>hD-74 

5 1 , 4 5 2 • • • fffltmftft 5 3 oass, /X 

— >>;#;*»A«<0#8 !©«*©'5'felXJ4 2a±Sa 
[0 0 2 9] «ffl£Bl 014, ^cDSibn>hD-;i/(7)m 

&z£v^ m^ntcmmiz&^-c. rfii2 2\zz> 

— ^4 5 1,4 5 2--- tCOV^Xte, y^X^lIS 
lrto^XEftTWr^ckdJcSBSSIfc^^fWlc. SFflSR 
«E*5 3VM^^ViTI4, #»5a**±Wa*l«Jfc, 

[0 0 3 0] fr43> c^s^n^hn-^o^-a-cb, 

««0>»»IRfiJ4^»*-fcTfT'5 «fc 5 fc&o TV>*. 
a»3>hn-;H4, ^«>*lk*KJ;D«a&, §0 
1 0 lcf£t&$i±7o^-5V £UV©ttJBfc#«8<DR5S 

[0 0 3 1] tfifB^X^gSetc^t, n*u£JB 

V>T/*«l£fT 5££14> ^D«5J^fi4 4 1, 44 2 

• • • &/8Rffl©ynirx»XjBtU 5M\ 
3_lks#9 o£*o#it*. J*ftSA**;M 0 1 

±<D*— Sfflt^T, 482 2^6©RF^7-» TX7 

□-3>hD-74 5 1, 4 5 2 • • • <Dffim, mm.m 

[0 0 3 2] ^9XV«lS*lrtS, #5 1£ 

BfT, 5 2 *5HEUrBf«©flaRK3S«(C» 

JfLo^^lWC, 11^4 3 1, 4 32 • • 

RFii2 2 ^^>UTiS^S^ffi2lCii5^ftmS^^ 

iD-rs. s&fc&wcjfci;, o£t-*3 iter 

A«8©««#8 2fcBK. 
[0 0 3 3] UTWXUfcaxS^XvftLT^ 



(5) 4*BI¥6-1 24 9 0 2 

4 4 1, 4 4 2- • • S^Xv^E— HCiWy?^ 

[0 0 3 4] »ff/t*;H 0 1 £J8V> 

T, RF;W- YX7D-3>hD-74 5 1, 4 5 

2 • • -CDSIES, S*«I«# 5 3 

J&U, A-y^X^Aiii^8 1 <0««£«JJB«5&r 
*. &V>T, ^XvjBitlftS, #5 1£P8i*> # 
10 »#>^5 2©aKfciDBf3£OX?;5 1 >yjE^«iCi» 
ftl^^RS 1 F*9tC #4 3 1, 43 2- ■ • £&WC 
*UMViTBf3e<0^D'feX#X**AU SSfc, RF 
«K2 2 $t>LTtI2 JcSEHaWEE«rHMlp-r«. 3 
SfciMSfclSU, ^»X3»Aa8 0««#8 2*BI 

[0 0 3 5] l/TiAbfc^atX^S^Xr 
ftUTSHKU 2KO^X-7lca#9 0Sl»UT, ^<Z> 

««7^65/-M/— tflf-A*MltU A— ^ Pfr 
l^J;**<0*a5KS*^7 6T«S«l"rsctT, ^^X 

tc»^<7 ; -^S!i^9^^colSffitcS^, &SKtt 

5. Tfcto-fe, «K2 2fc^TttRF/t?— STtfS 
#13] 7X7D-3>hD-74 5 1, 4 5 2 --- 
SO fc:3V>TK»©«M£«*#l*fc» 5 3 

liT»4»»aa*±tf5*iate, /Vv^X^Xlgll 

#8 1 \z^TW\->>%7,mxm*mm^%-fi\p\\z 
fca*bv»riwxf4xy^>y*«fft)n*. 

[0 0 3 6] 5*cfc8958©K«S«^, «|RXJ4H^-f X 
y?>yi/fc*#«***IS«t*. J5RJKtrr?ViTl46 
4^ <>^>'J3>M, a-->^7 0 5 9 (2 0 0mm 
x 2 0 0mm) ±fc«a-T*K&»«U X-/^>^tC 
r>^Tt>H««:a«±oaj*'rsiRSXs/5 t >ybfc. 

[0037] iS^Scmffi2(Dij*>rxi4, vi-rn<o«-&t> 

3 0 OmmX 3 0 OmmilL ^fc, — zrj &)VM 
m\Z&tc-DT\Z, U— tfbf-A«j»««7 5&^6 1. 0 7 

7 hcDu— !fK-Aft^7Xv^«a^Ba»L, 
(i) *^^6©i»iiii«t»3i-r*5 ff --*«a«9* 

50 



—13— 



(6) 



4*H¥6- 1 2 4 9 0 2 



9 



10 



a. &»±\Z (a-S i :H) R&ft)&-r*«lKI*# 1 

i:t»isu £&, (a-s iNx) r£»»t*«ij(i 

tf8»a©8fc R¥Sfls©*ft;) ^W^ffil 

b. Sfr-hO (a-Si :H) RO^OfflMftfr 3 tC 10 
i-5Xyf>y, (a-S iNx) K<DSBS"T*ffl»* 
ft4l:J:SXyf>^ (Al) M®a»-rs*Mft# 

5»c±sxy^>4f, (i to) KKoaasrswMftfl 1 

6 (CcfcSXy^^&frofco 

[0 0 3 8] Vrfft^Xy^^fc^TfeP^X^* 

ft) -tnt»^#XT-y^nir^<o*fr8t ^ 

a. S^-btC (a-S i :H) R *4MI*fM 

icxwau */t, (a-s inx) R£«arr**»B 

fee «*tf (a-S iNx) ■©djK-cttaarsftft 
7 (DfcfcDfcsesEsnfc. ^ntc^t)> 

0. 8 cm 2 /V • s OfefettO. 6 cm 2 /V • s) 

b. *#±te (a-S i :H) R£«&T*4MHMM 

KTJIMgU (a-S iNx) R*«»-rs«0» 

[0 0 4 0] ^TnojaRR^ViTfe/^— 

ic, aacDftftsrotfeD^- (Nt #x) 
xstu H»K»«a**«a<snfc. chfcio, ft 

^O^IbffO. 8 cm 2 /V- s (flE*B0. 6cm 2 - 
/V- s) £»*Ci5&*T!*&. 

c. S#±<Z) (a-S i : H) Rtf>«»<©fflJM*fM IC 

(a-S iNx) ROflBTrslMB* 
fr4fcJ:My9 i >^ (Al) RoffiS-T^IDWftfr 
5(C<fcSX-/^>^> (I TO) R(DflaEt a daHIA# 



[0 0 4 1] «j?Lfcf (a-S iNx) RcOXy^>^T? 
i&ioy/cm 2 *ofc/^— r-f ^JVOSff*fci« 1 

d. *f*Lh<J!> (a-S i : H) R©«Jfi(7>ffl#*tt 3 E 
iSXyfvy, (a-S iNx) R©«»-r**JW* 
fl=4K«Xyf>^ (Al) R<0«i£"r«»fflai*fr 

5 icj:sxy ^>y, ( i to) Rom&-r£io83^# 

7 f -^«l3l8R9ir^3SbT#6n^:'lfffilcS^, A- 

[0 0 4 2] £tf>*S:3L 0Vcm J ifco 

ffiU3ftViAHCDa#R^#6tifc. 

e. ME a. fcb. fcfcjft^'&fclt-* RF/W-©fi 

&. *co«f*. MffcZntz. (a-S i :H) R, (a- 
SiNx) Rfc-P^T* »nftl. 0 cm 2 /V • s & 

f. itBc. td. '£&U&&t>1k* RF;^7-©i 
fr^Tco ^-cD^m. K-TsCPJV&mttmfr&Zl urn 

*-^©*«3&^ft i^atv^»jfe»«FR^» snfc. 

[0 043] (a-S i : H 

2 0 0W 

^D-feX#XJE 0. 3 5Torr 
SiH< lOOsccm 
NHs 4 0 0 s c cm 

stfaus 3oo*c 

f£#2 (a-S i Nx J&R) 
RF/t?— 4 0 0W 

^D-feX^E 0. 8Torr 
SiH 4 28sccm 
NH 3 2 0 0 s c cm 

gffiMS. 3 5 0 *C 

*#3 (a-S i : H X^>^) 
RF/17- 10 0W 

Xn-feX^XJE 0. 0 4 To r r 
SF 6 40sccm 
CHC la 7. 5 s c cm 

mass 3 5 or 

Aft 4 (a-S iNx Xyf>W 
RF/1>7— 2 0 0W 
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(7) 
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CHFs 

o 2 



11 

0. 0 4To r r 
9 0 s c cm 
5 s c cm 
3 0t 
(Al Xy7>tf) 
RF^9- 10 0W 

7D-feX;tfXBE 3 0Torr 
CHC la 7 s c cm 

C 1 2 5 s c c m 

BCls 40sccm 
m^iMM 3 0*C 

(I TO Xv9->9) 
RF/Xy— SOW 
^□ilX^XBE SOTorr 
CHs OH 5 s c cm 

CH< 45sccm 
H* 7 5 s c cm 

m&WiM 3 ox: 

m: a-S i Nx) 
RF/ty— 4 0 0 — 3 SOW 

^OizXtfXEE 0. 8->0. 7Torr 
*tt8 (« : a-S i Nx) 
N2 #X 5 0 0 c cm 

*ff 9 («J : a-S i Nx) 

2 0 0W— 15 0W 

[0 0 4 4] 

^ v xv fflaart s»»p§h;: i o Bf jefflsaca* 

-fe X#X £3* AT* «h £ £J)tGieM&*a£ AMiftB 
fcU tt^Xvfc«H2*#*«'rctTtfE*«:fcB» 

i"r-5P f 9X^ffla&iB'r^9XT«is8«7r*oT, 



[0 0 4 5] W*«2E«fiD8Htc<tSt, y^Xv* 

sna* ^nirx^x^A^a&tfiBWjRmaEPiin^a© 

[0 0 4 6] H*«4Gft®««££$&, -BJS£U 
n-fex#x3£A^!9:, K«««ETOn#il»t«^-^ 



[0 2] «*<D^^X*T2LS8g^J^mBS«^0T& 

1 T^XTffia* 

2 Hj5»«a 

2 2 AA&«H 

2 3 T^^^y^X 

3 muta 

4 4 1, 44 2 /DtX^Xl 

4 3 1, 4 3 2 SOfflBHft 

451, 452 7X7P~3>hO-7 

5 1 «§&nj$# 

J0 5 2 

5 3 «MH&# 

6 CCDiJ^7 

7 V"-ift-AMIt«« 

8 K-ViiTMJM 
8 1 WXiUM&F 

82 mmmft 

8 3 ^itfXS 

9 ^-^arass 

9 1 r-rX^K8B 
40 1 0 

1 0 1 Mtn*)V 
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